INTRODUCTION {#sec1-1}
============

Regardless of gender, race, or economic status, trauma remains a leading cause of death worldwide. Most deaths occur early after hospital admission and are mainly caused by early exsanguinating hemorrhage.\[[@ref1]\] This potentially preventable cause of mortality is compounded by a distinct "coagulopathy of trauma" that sets in the early stage of injury.\[[@ref2][@ref3]\] Patients with posttraumatic coagulopathy have a 3--4--fold higher mortality in comparison to those who have normal coagulation process and are up to eight times more likely to die on the 1^st^ day posttrauma.\[[@ref3]\] This coagulopathy complicates resuscitation and is the target of massive transfusion protocols (MTP) consisting of multiple blood products. Recent military and civilian experience has brought about many shifts in the principles and practice of early trauma resuscitation.\[[@ref4][@ref5]\] Prioritizing aggressive blood component therapy has replaced long--institutionalized, crystalloid--dependent fluid resuscitation. There is an increased emphasis on the early and liberal use of balanced blood product ratio, including packed red blood cell (PRBC), fresh--frozen plasma, and platelets (PLT). Despite the widespread implementation of MTPs for trauma, there is still considerable controversy regarding the optimal ratio of PLT:PRBC in trauma patients requiring MTP. This growing debate has evolved to include the time at which the best ratio is achieved. The attainment of high resuscitation ratio as early as 4 h postinjury and their impact on patient outcomes have not been adequately analyzed to date. This report aims to describe the effect of attaining a high PLT:PRBC ratio (≥1:1.5) within 4 h postinjury on the outcomes of trauma patients receiving MTP.

METHODS {#sec1-2}
=======

All trauma patients who received blood transfusion were retrospectively identified from the blood bank database, and their detailed records were reviewed from the Trauma Registry of the Hamad Trauma Center, Hospital, the National Level I Trauma Referral Center in Qatar between January 2010 and December 2011. All adult (≥18 years) traumatic injury patients who received massive blood transfusion were included in the study. All patients who died on arrival were excluded from the study. Blood bank records were used to identify patients who received \>6 units PRBC and particularly screened patients who received \>10 units PRBC in the first 24 h of injury. We defined massive transfusion as the infusion of ≥10 units of PRBC over the initial 24 h postinjury.\[[@ref6]\] Patient\'s data regarding demographics, mechanism of injury, initial vitals, laboratory findings, Injury Severity Score (ISS), Revise Trauma Score (RTS), Glasgow Coma Score, hospital length of stay, complications, and outcomes were collected from the trauma registry database. Based on PLT:PRBC ratio, patients who received at least a PLT:PRBC ratio of ≥1:1.5 within 4 h from the time of injury was categorized into the high ratio group (HMTP). Those who received a PLT:PRBC ratio of ≤1:1.5 within 4 h postinjury represented the low ratio group (LMTP). The ratio was then calculated based on the blood products given from 4 to 24 h postinjury. One MTP shipment was defined as the infusion of ≥6 units of PRBC, ≥6 units of plasma, and ≥6 units of PLTs. Patients were followed up to 30-day post injury, hospital discharge, or death; whichever occurred first.

Outcomes measured included overall mortality, postshipment International Normalized Ratio (INR), multiple organ failure (MOF), and infectious complications. The diagnosis of MOF required a maximum Marshall multiple organ dysfunction score \>5. The diagnosis of ventilator--associated pneumonia (VAP) was based on quantitative culture threshold of ≥10^4^ CFU/mL for bronchoalveolar lavage specimens. Catheter--related blood stream infections were confirmed by positive peripheral cultures with the identical organism obtained from either a positive semi--quantitative culture (≥15 CFU/segment) or positive quantitative culture (≥10^3^ CFU/segment) from a catheter segment specimen. The diagnosis of urinary tract infection was confirmed if there was ≥10^5^ organisms/ml in the urine specimens.\[[@ref7]\] This study was approved by the medical research center at Hamad Medical Corporation, Qatar (IRB \#11153/11).

Data were presented as proportions, mean ± standard deviation, or median as appropriate. Baseline demographic, clinical characteristics, laboratory findings, and outcomes were compared according to PLT:PRBC ratio at 4 h (HMTP vs. LMTP) using Chi--square for categorical variables and Student\'s t--test for continuous variables. The Fisher\'s exact test was used if the expected cell frequencies were below 5. A two--sided *P* \< 0.05 was considered to be statistically significant. Data analysis was carried out using the Statistical Package for Social Sciences version 18 (SPSS Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

A total of 3244 trauma admissions were admitted during the 2-year study period, of which 100 (2.06%) patients met inclusion criteria. Of these, PLT:PRBC ratio was attainable in 58 patients as the remaining 42 patients did not receive PLTs within the first 4 h postinjury. The mean age of the patients was 32.3 ± 10.7 years; majority were males (89.6%) who sustained severe injuries with a high mean ISS of 31.9 ± 11.5 and RTS of 5.1 ± 2.2. Blunt trauma accounted for most cases (84.5%). The initial vital signs and laboratory findings are shown in [Table 1](#T1){ref-type="table"}.

###### 

Demographic, epidemiologic, and clinical presentation of massive transfusion protocol patients who received platelet transfusion (*n*=58)
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[Table 2](#T2){ref-type="table"} demonstrated the baseline comparison of clinical characteristics and injury severity according to PLT:PRBC ratio (HMTP vs. LMTP) within 4 h postinjury. Both the groups were comparable for age, gender, type of injury, presenting hemoglobin level, INR, ISS, and RTS except initial pH. [Table 3](#T3){ref-type="table"} shows the comparison of complications and outcomes of patients based on HMTP and LMTP within the first 4 h. No significant differences were noted for the incidence of hyperkalemia, hypomagnesemia, hypocalcemia, abdominal compartment syndrome, blood stream, catheter--related, and urinary tract infections between the two groups. The frequency of MOF was significantly lower in the HMTP group (42.1% vs. 87.2%, *P* = 0.001). However, the rate of VAP (38.9% vs. 10.8%; *P* = 0.02) and wound infection (50% vs. 10.8%; *P* = 0.002) were significantly higher in the HMTP group. The overall mortality was 69%, and the number of deaths was significantly lower in HMTP (36.8%, vs. 84.6% *P* = 0.001) in comparison to LMTP within the first 30 days.

###### 

Baseline comparison of clinical characteristics and injury severity by platelet to packed red blood cell ratio within 4 h postinjury
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###### 

Comparison of complications and clinical outcomes by platelet to packed red blood cell ratio within first 4 h postinjury
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Similarly, in the later period (4--24 h), the frequency of MOF (69.2% vs. 56.0%; *P* = 0.29) and overall mortality (44% vs. 61.5%, *P* = 0. 0.207) was nonsignificantly lower in HMTP group as compared to LMTP \[[Figure 1](#F1){ref-type="fig"}\]. Moreover, no significant difference was observed for the incidence of VAP, wound infection, blood stream infection, catheter--related, or urinary tract infections between the two groups in the later period (4--24 h).

![Mortality and multiple organ failure rates by time and platelet: Packed red blood cell (PBBC) ratio](IJCIIS-6-188-g004){#F1}

DISCUSSION {#sec1-4}
==========

Our study demonstrates the significance of obtaining a high PLT:PRBC ratio early in the resuscitation phase. At the beginning of the 80s, Kashuk *et al*. had proposed the formation of the lethal triad of coagulopathy, hypothermia, and acidosis secondary to bleeding, cellular shock, and tissue injury.\[[@ref8]\] Hypothermia and acidosis are relatively easier to address. Coagulopathy post traumatic injury was once regarded as a secondary outcome, due to dilution and consumption, but now it is recognized as a primary consequence of trauma.\[[@ref2]\] About a third of severely injured patients are coagulopathic on arrival.\[[@ref2]\] Abnormal coagulation noticed in the exsanguinating trauma victims is often multifactorial in nature with hemodilution, consumption of coagulation factors, activation of inflammatory cascade, hyperfibrinolysis, and PLT dysfunction secondary to acidosis/hypothermia identified as causative or contributory factors.\[[@ref9][@ref10]\]

The innate role of PLTs in primary hemostasis is well understood. In addition, activated PLTs promote secondary hemostasis by offering an excellent catalytic surface for the aggregation of enzyme complexes required for optimizing coagulation.\[[@ref11]\] The resulting coagulation product is a potent PLT activating agonist. Thus, PLT activation and blood coagulation are mutually dependent processes.

Most guidelines that indicate the use of PLTs in massively bleeding trauma patients are count based. Thrombocytopenia witnessed in massively transfused patients is often misleading as both consumptive factors and dilution can contribute to the same. PLT dysfunction, which is more critical than PLT count, is unaccountable due to lack of a diagnostic test. Despite recent studies that cite the role of point-of-care testing in titrating hemostatic resuscitation efforts,\[[@ref12]\] these practical difficulties have led to the continued use of a structured blood product ratio in the form of MTPs. Current literature favors early and aggressive PLT use to attain PLT:PRBC transfusion ratio as high as 1:1. However, early attainment of such high ratio in clinical practice is challenging as evidenced from civilian data. Both military and civilian experience of late have supported the use of higher PLT:PRBC transfusion ratio to improve survival rates in these patients.\[[@ref4][@ref5]\] There currently exists no consensus on what constitutes a relevant cutoff between an adequately high and low PLT ratio. [Table 4](#T4){ref-type="table"} compares a few recent studies and their outcomes with varied PLT:PRBC cutoff ratio.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]

###### 

Comparative studies
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Our study demonstrated a significant improvement in overall mortality and MOF in patients received HMTP within the initial 4 h \[[Figure 1](#F1){ref-type="fig"}\]. A similar survival benefit has been documented in other studies that have tested high PLT:PRBC ratio.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\] However, attainment of this ratio within the first 4 h postinjury and their impact on patient outcome have not been analyzed adequately to date. In our series, the significant improvement in mortality and MOF rates in HMTP group during the early period (\<4 h) was not observed during the later period (4--24 h). Hence, we believe the survival benefit of attaining HMTP ratio, documented in other studies, when the ratio was calculated at 24 h is possibly secondary to its "early" rather than "late" attainment. Regardless of how this "early" high PLT:PRBC transfusion ratio is achieved, its survival benefit is noteworthy and a call for a rigidly attained and implemented MTP that can ensure the timely availability and transfusion of these components that are associated with increased survival in trauma patients is in need of MTP.

Usually, earlier studies have categorized patients into high and low PLT:PRBC ratio groups based on the blood products consumed with initial 24 h \[[Table 4](#T4){ref-type="table"}\]. The PROMMTT study\[[@ref21]\] conceded 60% of hemorrhagic deaths to have occurred within 3 h of admission. Dutton *et al*.\[[@ref22]\] revealed that 80% of those who will bleed to death have done so within 6 h of admission. Thus, 24 h ratio inadequately accounts for and addresses the underlying cause of early deaths. Snyder *et al*.\[[@ref23]\] first raised the question of survival bias in this subgroup of patients as opposed to a survival benefit with a high transfusion ratio. Our meticulous review of records supplemented by blood bank and trauma registry data enabled an hourly blood product transfusion data, describing exactly when PRBCs and PLTs were infused. We were able to account for early deaths by calculating blood product ratio as early as 4 h, whereby reducing possibilities for survival bias.

In the present study, both HMTP and LMTP groups were well matched in terms of initial coagulopathy, injury severity, and demographic characteristics. We also noted progressive improvement in coagulopathy in the HMTP group. These results add to our current understanding of the benefits associated with aggressive PLT use to prevent and treat early onset coagulopathy after injury. The patients in HMTP group had a higher wound infection and pneumonia rates. These could be explained by the potential for a contributory immunodeficiency from this type of resuscitative practice.\[[@ref24]\]

Our study is limited to a retrospective analysis of major transfusion practices for an adult and predominantly blunt trauma population from a single center. However, The Hamad Trauma Center is the National Trauma Referral Center in Qatar; as such this is a nationally representative sample of severely injured patients who are the beneficiaries of a single system and consistent standard of trauma care. Small sample size and power are another limitations of our study as it is a single--center study. We also lack information for the management details for coagulopathy. Most studies on massive transfusion ratio have encountered survival bias. We have minimized the confounding effect from this bias by calculating blood product ratio at 4 h, unlike other studies that have calculated ratio at 24 h.

CONCLUSION {#sec1-5}
==========

The mortality risk associated with LMTP (PLT:PRBC \<1:1.5) may occur very early, possibly secondary to ongoing coagulopathy, PLT dysfunction, and hemorrhage. Aggressive attainment of high PLT:PRBC ratio as early as 4 h postinjury can substantially improve coagulopathy and reduce mortality and MOF rates but increases the rate of infectious complications. These results suggest that the survival advantage of HMTP for trauma patients is realized early. We believe that there is a need to conduct a large prospective multi--institutional study to further confirm the significance of attainment of high PLT ratio and improved survival of trauma patients targeted within the first 4 h postinjury.
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